We demonstrate the effect of local symmetries on the dynamics of laser-written photonic waveguide arrays. A non-local continuity equation allows us to distinguish between the three cases of global symmetry, local symmetry and full disorder.
Whereas the idealized scenario of perfect global symmetries is notoriously elusive, local symmetries abound in nature. These configurations are characterized by internal spatial limitation [1] as illustrated in Fig. 1 . Prominent examples include quasicrystals [2] and macromolecules [3] but also artifical structures, e.g. tailored photonic multilayer-systems [4] .
Since the Hamiltonian of a locally symmetric system does in general not commute with the local symmetry operation, even though the potential remains invariant under the respective transformation (see Fig. 2a ), tracking the specific influence on a system's dynamics is challenging. A promising approach is the non-local continuity formalism [5] that can readily be applied to discrete systems governed by a Schrödinger equation [6] . Along these lines, it relates a non-local charge Σ to the non-local boundary current q dD in each symmetry domain. For arrangements without on-site asymmetry, the continuity equation reads: ∂ z Σ D = q dD , where ∂ z is the derivative in propagation direction. Σ and q dD depend not only on the Hamiltonian and the wave function, but also on the symmetry transformation [6] . The relation between Σ and the symmetry transformation is illustrated in Fig. 2b,c . Notably, the experimental demonstration of this continuity equation has remained elusive so far.
We fabricated representative examples of locally symmetric, globally symmetric and fully non-symmetric configurations in fs laser-written photonic arrays by tuning the waveguide separation in line with the desired symmetry, and probed the corresponding system dynamics via single-site excitations (see Fig.3a ). The full wave function was retrieved from intensity-only fluorescence measurements of the light propagation in the waveguide arrays in accordance with the π/2 phase jump between adjacent sites. The non-local charges and currents were subsequently extracted from the wave function, symmetry transformation and couplings between neighbouring waveguides. The non-local continuity equation allows us to readily distinguish locally symmetric structures from both fully disordered systems and globally symmetric structures. Given a valid local symmetry transformation, the components of the non-local continuity equation are in general non-zero (see Fig. 3b ). For globally symmetric systems, the non-local boundary current vanishes naturally because the symmetric domain extends over the entire system and there is inherently no coupling across domain boundaries. Nevertheless, the continuity equation is still fulfilled, leading to a vanishing derivative of the non-local charge (see Fig. 3c ). In contrast, the fully disordered systems by definition entirely lack symmetry domains. Any arbitrary symmetry transformation can be chosen, and proven wrong, as it violates the continuity equation. Figure 3d illustrates this for an assumed inversion symmetry. Our results constitute the first step in investigating local symmetries in photonic systems and harnessing them to shape the flow of light. The subject offers various possibilities for further experiments, e.g. the engineering of perfect transmission resonances [4] or Floquet states in periodically driven setups [6] , as well as locally ParityTime or Translation-Time symmetric systems [6] . Fig. 3 . Waveguide configurations and non-local continuity equations. a) System geometries and intensity distribution of the globally symmetric, locally symmetric and disordered array. b) In domain 1 and 2 of the locally symmetric system, the non-local boundary current (dotted red) matches the derivative of the non-local charge (solid blue). c) The derivative of the non-local charge (solid blue) of the globally symmetric system vanishes. d) In case of full disorder, an assumed inversion symmetry of the first five sites is exemplarily shown. The derivative of the non-local charge (solid blue) and the non-local boundary current (dotted red) differ from each other.
